ABSTRACT
STUDY RATIONALe AND CONTeXT
Scoliosis is a deformity affecting mainly women. Most patients are not operated and sustain an unbalanced spine, which might progress over the years (depending on severity of the curve). Pregnancy is a special event in a woman's life. She undergoes major hormonal, weight, and bodily changes in a short period. These changes lead to modifications in form of temporary hyperelasticity of supportive connective tissues ultimately allowing widening of the pelvic ring for the birth of a child. The conventional wisdom is that scoliosis curves are not affected by pregnancy; however, there have been cases when pregnancy may have been associated with acceleration in curve progression eventually leading to surgical scoliosis correction.
In this study we aim to see if the conventional wisdom stated in textbooks is supported by the medical literature and if there are specific groups of patients who are at increasing risk of curve progression during pregnancy.
OBJeCTIVe OR CLINICAL QUeSTION
To systematically search for, critically appraise, and summarize literature evaluating pregnancy as a risk factor for curve progression among women with scoliosis who were treated nonoperatively.
MeThODS

Study design: Systematic review.
Sampling: PubMed, Cochrane Collaboration Database, bibliographies of key articles. Dates searched: through March 3, 2011.
Inclusion criteria: (1) scoliosis treated nonoperatively (eg, brace, observation, physical therapy); (2) women with scoliosis with one or more pregnancies; and (3) women with scoliosis who have never been pregnant. (Fig 1): (1) fusion surgery for scoliosis; (2) studies that only reported outcomes pertaining to complications in pregnancy and childbirth.
Exclusion criteria
Prognostic factors:
• Primary • Pregnancy (≥ 1 pregnancy versus never pregnant) • Secondary • Severity of curve • Curve pattern/type • Treatment (brace or no brace)
Outcomes:
• Proportion of patients with curve progression > 5° and > 10°A nalysis: Proportions of patients with curve progression at > 5° and > 10° were reported as the number of patients exceeding threshold within an exposure group (eg, pregnant or never-pregnant group) divided by the total number of patients within the group. We calculated the relative risk (RR) of curve progression and 95% confidence intervals (95% CI) comparing women that had ≥ 1 pregnancy with women who had no pregnancy. Overall strength of the evidence was assessed using GRADE criteria.
Additional methodological and technical details are provided in the electronic supplemental material at www.aospine.org/ebsj
Evidence-Based Spine-Care Journal
Systematic review-Does pregnancy increase curve progression in women with scoliosis treated without surgery?
ReSULTS
From a total of 77 citations, 23 articles evaluating the treatment of scoliosis were selected for full-text review (Fig 1) . Of these, only two met the inclusion criteria and were included for analysis. One study evaluated the longterm follow-up of the Milwaukee Brace in both males and females. From that study, we report data on curve progression in a subset of pregnant woman [1] . All patients had idiopathic scoliosis ( Table 1) . Average follow-up was 7.5 and 11.2 years. One study reported follow-up from the end of bracing to last examination [1] and one from time of initial diagnosis to final follow-up [2] . Both studies are class of evidence III.
Further details on the class of evidence rating for these studies can be found in the supplemental material at www.aospine.org/ebsj.
One study reported no difference in risk of curve progression of > 5° comparing women who experienced one or more pregnancies and those who had never been pregnant, 27% and 26%, respectively [2] . The risk of curve progression of > 10° was slightly higher in women who had one or more pregnancies compared with never-pregnant women; however, this was not statistically different, 14% versus 9%, respectively (Fig 2, Table 2 ).
Two studies looked at the effect of pregnancy among women who had prior orthotic treatment. The risk of curve progression of > 5° was greater in women who had been treated with an orthosis and who had one or more pregnancies compared with those who had never been pregnant in both studies: 29% versus 4% (RR = 8.1; 95% CI: 1.8-35.8; P = .0017) [1] , and 27% versus 14% (RR = 1.9; 95% CI: 0.8-4.3; P = .18) [2] (Fig 3, Table 2 ). One of the studies also looked at curve progression > 10° in this treatment population and also found a greater risk among patients with one or more pregnancies versus those who had never been pregnant, 11% versus 2%, RR = 5.95 (95% CI, 0.69-51.1) [2] . One study evaluated the effect of pregnancy among women with different curve severities [2] ( Table 2) . While women with more severe curves had a higher risk of curve progression, having one or more pregnancies did not appear to modify the effect of curve severity: the risk of curve progression > 5° in women with a curve severity of > 30° was 34% in women who had at least one pregnancy and 35% in those who had never been pregnant.
Having one or more pregnancies did not modify the effect of curve pattern on the risk of curve progression [2] ( Table 2) .
CLINICAL GUIDeLINeS
• None found. Systematic review-Does pregnancy increase curve progression in women with scoliosis treated without surgery? † Mean ages include posterior spinal fusion group: pregnant (n = 63) and never pregnant (n = 42). ‡ Main focus of this study was the long-term follow-up of the Milwaukee Brace; thus males were included (5%). However, the effect of pregnancy on scoliosis was reported in a subgroup of women and those data were used for the purposes of this systematic review. § Reflects the number of patients who returned for personal follow-up examination by the second author (JRD) (n = 85). Table 2 The risk of curve progression in patients with scoliosis who are pregnant compared with those who have never been pregnant stratified by prior treatment type, curve severity, and curve pattern. However, among patients who had been treated with an orthosis, there is some evidence to suggest that women experiencing one or more pregnancies had a higher risk of curve progression compared with never-pregnant women.
Risk of curve progression > 5°Risk of curve progression > 10°≥
ILLUSTRATIVe CASe (provided by J Schroeder/L Kaplan)
A woman with scoliosis received orthotic treatment during childhood and at 21 years had a left lumbar curve of 61° (apex at L1) (Fig 4) . She got married, had three children (within 5 years), and returned to the clinic with an increased cosmetic deformity and new back pain. A new x-ray showed an increase of the curve to 80° and a thoracolumbar kypotic deformity (Figs 5 and 6). After a magnetic resonance imaging was performed that ruled out any intraspinal pathology, the patient underwent posterior spinal fusion from T6 to L5 (Figs 7 and 8) . Two years postoperatively the patient has a balanced spine and she is back at work as a hospital nurse (Fig 9) .
DISCUSSION
• Strengths: The question was reviewed systematically -Main limitations: Little data is available to answer the question. Other limitations include: -Small number of studies available to address the issue. -The two main studies are retrospective (CoE III) and did not account for any confounding variables. -Loss to follow-up was not reported in one study and was 20% in the other, possibly biasing the results.
The results from two small retrospective studies suggest that women with one or more pregnancies are not at increased risk of curve progression compared with nonpregnant women. However, there is a suggestion that among patients who had been treated with an orthosis, those with one or more pregnancies showed a greater curve progression for both thresholds (5° and 10°) than women who had never been pregnant.
One possible explanation for this finding could relate to ligament and muscle weakness that has been shown to occur after years of treatment in a brace [3] . This can have lasting effects for 5-7 years after removal of the brace. Another possible explanation for this difference may be that patients with larger curves and higher risk at baseline are already biased toward brace treatment. If this were true the proportion of patients who progressed > 5° would be higher among those treated with an orthosis compared with those who had no orthotic treatment. However, we did not find this to be the case in the Betz et al study [2] ( Table 2) , leading us to conclude that greater initial curve severity was not a confounding factor in this outcome.
One study reported that multiple pregnancies at a young age (< 25 years) are a risk factor for curve progression [1] . This conclusion is based on the fact that 70% of the women with a curve progression of > 5° had multiple pregnancies. However, no data were reported for women with a curve progression of < 5° and it is possible that the same proportion of women in that group had multiple pregnancies. Without a direct comparison to women without curve progression, this conclusion is unfounded.
In one study, the mean age at final follow-up was 3 years longer in women with one or more pregnancies versus those who had never been pregnant [2] . There is some evidence to suggest that scoliosis progresses by about 1° a year in adulthood [4, 5] . In this case, the age difference slightly overestimates the proportion of patients in the pregnancy group that progressed which further suggests pregnancy does not increase the risk of scoliotic curve progression.
In the study by Betz et al [2] , although patients underwent x-ray evaluations at five separate time points (ie, ages) during the study, only curve progression at final followup was reported. It would have been informative to know whether the curve progression in these patients happened primarily before skeletal maturity; however, this information was not provided.
A prospective study observing a cohort of women with nonoperated scoliosis is needed to answer the question of the interaction of pregnancy and curve progression. 
